The accessibility of various Photosystem II (PSII)-associated polypeptides to the protease pronase and the chemical modifier trinitrobenzenesulfonic acid (TNBS) has been investigated. Three polypeptides with apparent molecular weight of 32, 21, and 16 kilodaltons, known to be associated with 02 evolution, are all resistant to pronase digestion and TNBS labeling in intact thylakoids. All the polypeptides in the isolated PSII preparation were labeled with TNBS while a different pattern of labeling was observed when the PSII complex was isolated from TNBSmodified thylakoids. Attempts to prepare PSII particles from pronasetreated thylakoids using the Triton X-100 solubilization method were unsuccessful. Pronase-treated thylakoids were probed with antisera against the chlorophyll proteins ofPSII using immunoblotting techniques. This allowed for a positive identification of proteolytic fragments from the respective proteins. The results are discussed in relation to the transmembrane organization of PSII in spinach thylakoids.
Photosynthetic electron flow from water to NADP involves three integral membrane protein complexes (10) . Of these, PSII oxidizes water and reduces plastoquinone in a light-dependent process. The functional components, as well as the kinetics of the reactions involved, have been studied by various laboratories using a variety of spectroscopic techniques. In recent years, fractionation studies have also suggested that PSII is preferentially localized in appressed membrane regions while PSI is found in the nonappressed regions (2) . The organization of the constituent polypeptide subunits of PSII in the thylakoid membrane, however, remains to be systematically studied. A PSII preparation has been described by Berthold et al. (3) which evolves 02 at high rates and is depleted of PSI and the Cyt b6/lJ complex, may be particularly useful in this regard. This resolved PSII preparation is active in reconstructing noncyclic electron flow from water to NADP when combined with the other isolated components ( 11) . Thus, this resolved PSII preparation apparently contains all the necessary components for its in vivo functions.
' Supported in part by a grant from the National Science Foundation. 2 Present address: Laboratory of Plant Molecular Biology, Rockefeller University, New York, NY 10021. Using the same approach as in our previous studies on the Cyt b6/fcomplex and PSI (19, 20) , we have used this resolved PSII preparation to investigate the organization of its constituent polypeptides. Chemical modification with the impermeant probe, TNBS, and proteolytic digestion with pronase have been used to study portions of polypeptides exposed to the stromal phase. Because of the charge of TNBS and the bulky size of the protease, neither of these modifying techniques should be able to label or alter lumen-exposed portions of polypeptides. The results are discussed with respect to the membrane organization of polypeptides in the PSII complex.
MATERIALS AND METHODS Preparation of Chloroplasts and Modification with I14CITNBS
and Pronase E. Chloroplasts from greenhouse-grown spinach were isolated and thylakoids prepared as described previously (19) (4) . The group of polypeptides between 27 to 24 kD are components of LHCPII, which contains Chl a/b in a ratio of about 1 (13) . One of the low-mol wt polypeptides is most likely Cyt b559 (7, 18) (Fig. 1, lanes la, lb, and ic) . This suggests the labeled band at 30 kD is probably the D2 protein, which contains lysine residues, since the QB protein has no lysine residues (1, 8, 21, 25 One method which allows specific identification of certain polypeptides in a complex system is that of immunoblotting using antisera raised against specific purified peptides. In the present work, we investigated the effects of pronase E on the 47 kD reaction center polypeptide and the 39 kD core antenna polypeptide as well as those of LHCPII by the immunoblot technique. Figure 3 shows that the 47 kD polypeptide is degraded progressively to about 45 to 43 kD as the concentration of protease increases. At the higher concentrations (:-100 Mg pronase/mg Chl), fragments at 28, 13.5, and 13.0 kD are also detected. It is likely that these fragments represent degradation products of the 45 to 43 kD peptide. A similar digestion pattern has been observed with the core 39 kD antenna peptide. As Figure 4 shows, it is degraded to about 37 kD by the protease treatment. Small fragments at 22, 15, and 12 kD were also detected at higher pronase concentrations. Interestingly, the 12 kD fragment becomes detectable at low concentrations of pronase where the 22 kD peptide was not observed by the immunoblot technique. It is possible that under low concentrations of pronase, the degradation of the 22 kD peptide and/or the 15 kD peptide might have given rise to the 12 kD fragment. At higher concentrations ofpronase, the degradation rate ofthese fragments might become rate-limiting and, therefore, accumulation of these more antigenic peptide fragments could be observed. This suggestion remains to be studied by analysis of the fragments. LHCPII immunoblot of the pronase-treated thylakoids shows that the 26 to 23 kD peptides are all degraded to about 23 kD. In addition, a 15 kD fragment was detected in the pronase-treated thylakoids (Fig. 5) . We have also treated the isolated PSII complex with pronase E. All the polypeptides are digested completely at 30 to 100 ug pronase/ml. Interestingly, the 23 kD digestion product of LHCPII polypeptides observed in pronase-treated thylakoids appears to be resistant to further degradation even when the lumenal surface is exposed to pronase E (data not shown). This suggests that either the LHCPII polypeptides do not protrude into the lumen or that pronase E was not effective in attacking the lumenal portion of these polypeptides. At present, we cannot distinguish between these two possibilities.
DISCUSSION
In the present investigation, we have obtained direct biochemical information on the membrane organization of various PSII polypeptides. The results from modification of thylakoids and PSII particles with TNBS and pronase E are summarized in Table I . Previous work in our laboratory has shown that plastocyanin, a soluble protein localized in the lumen, was not modified using these procedures (19) . In the present study, we have extended this control experiment by examining three other polypeptides known to be located in the lumen: the extrinsic peptides associated with the 02-evolving complex. All are resistant to modification or labeling under most conditions. This is consist- ,sg/mg Chl had no effect on these three peptides. On the other hand, these peptides have been shown to be sensitive to proteolysis by trypsin (24) and labeling with TNBS in PSII particles. These results thus support our claim that the modifiers we have used in topography studies are not penetrating the thylakoid membranes.
It is interesting to compare the results from pronase digestion and TNBS labeling of thylakoids. The 47, 39, 26, 24.5, and 30 kD polypeptides are all sensitive to pronase E but do not react with TNBS. In the case of the 30 kD peptide region, several closely migrating subunits make precise identification of the pronase-sensitive subunit difficult. However, from the published sequence of the other polypeptides (1, 5, 8, 15) , it is likely that the amino groups ofthese proteins must be inaccessible to TNBS. This is similar to the observation of the P700 protein of PSI as reported earlier (19) . Immunoblotting analyses have shown that a stromal-exposed portion of 2 to 4 kD is present for the 47 and 39 kD polypeptides of the PSII reaction center. The similarity in proteolytic pattern between these two polypeptides is consistent with the observation of a high degree of sequence homology between the primary sequences of both proteins (1, 8) . A similar pattern ofbehavior is seen with the LHCPII polypeptide subunit, indicating that all the Chl-containing proteins of PSII may have a similar organization in thylakoids: a transmembrane organization with a small stromal-exposed region accessible to the protease.
In conclusion, the present results have given support to the results of primary sequence analysis and have shown some new aspects of differential accessibility of amino groups among the polypeptides exposed on the stroma side. Further structural Figure 3 except that LCPII antisera was used for the immunoblot analysis. 
